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The invention concerns a method and an equipment 
for prevention of cooling of electrochemical devices (10). 
The temperature of the electrochemical device (10) is 
measured and, as the temperature falls below a certain 
preset lower limit (Tnunimum). an additional load (17), 
which is at least high enough so that the electric current 
that it produces heats the electrochemical device (10), 
is connected to the device. The additional load (17) 
is disconnected from the electrochemical device (10) as 
the temperature has reached a certain preset upper limit 
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Method and equipment for prevention of cooling of electrochemical devices 

5 

The invention concerns a method for prevention of cooling of electrochemical 
devices. 

The invention also concerns an equipment for prevention of cooling of electrochemi- 
10 cal devices. 

Cold climatic conditions cause danger of freezing to electrochemical devices, such 
as, for example, fuel cells. As is well known, it is possible to use fuel cells con- 
nected to a hydrogen storage to produce electric energy in sparsely inhabited 
15 regions. Normally, as the fuel cell is in operation, the waste heat which develops in 
the fuel cells is enough to keep the fuel cell sufficiently warm. However, if the 
loading is too low to keep the fuel cell sufficiently warm or the fuel cell is not in 
operation and, thus, is not connected to loading, freezing of the fuel cell can take 
place. Malfunction in the system may also cause freezing of the fuel cell. 

20 

The most problematic freezing takes place in fuel cells of the solid-polymer electro- 
lyte type. An excessively low temperature may also cause difficulties or at least 
slowness in the starting in other kinds of fuel cells such as, for example, alkali-type, 
phosphoric-acid type, etc. In solid-polymer type fuel cells the key component is a 
25 membrane which conducts protons, which membrane contains mainly water. If the 
water in the membrane freezes, it prevents the conducting of the protons in the 
membrane, and the fuel cell cannot operate. Freezing can also permanently damage 
the structure of the fuel cell by causing mechanical strain on the cell. 

30 Solidification or weakening of the operation at temperatures lower than a normal 
temperature are also a problem in fuel cells which operate at higher temperatures. 
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As regards the prior art, reference is made to the publication JP-59-214166, in 
which publication an outside electric heater is suggested which heats nitrogen gas. 
By means of this, freezing of phosphoric acid is prevented in phosphoric-acid type 
fuel cells. 

5 

The object of the invention is to provide an improvement over the prior-art sol- 
utions. A more specific object of the invention is to provide a method and an 
equipment by means of which it is possible to prevent harmful cooling of electro- 
chemical devices reliably. 

The method in accordance with the invention is characterized in that the temperature 
of the electrochemical device is measured and, as the temperature falls below a 
certain pre-set lower limit, an additional load is connected to the device which 
additional load is at least high enough to cause an electric current which heats the 
15 electrochemical device, and that said additional load is disconnected from the 
electrochemical device as the temperature has reached a certain pre-chosen upper 
limit. 

The equipment in accordance with the invention is characterized in that the equip- 
20 ment includes a control member, which measures the temperature and carries out the 
switching-on at a certain low temperature and the switching-off at a certain high 
temperature, and a member which loads the electrochemical device, which loading 
member is, by the effect of said control member, switched on at a certain low 
temperature and causes generation of an electric current which flows through the 
25 electrochemical device and heats it, and which loading member is, by the effect of 
said control member, disconnected at said high temperature to switch off the electric 
current which heats the electrochemical device. 

In the solution in accordance with the invention, the temperature of the electrochemi- 
30 cal device, for example the cell battery in a fuel cell, is measured, and as the tem- 
perature falls below a certain pre-chosen lower limit Tn^^^, the additional 
loading is connected to the electrochemical device. As the additional loading is 
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connected, the electric current starts to circulate through the circuit which consists 
of the additional loading and of the inner resistance in the fuel cell. The electric 
current flowing through the fuel cell then heats the fuel cell, and its temperature 
starts rising. At the same time, the increased loading automatically produces an 
5 increase in the function level of the fuel cell and an increase in the heat generation. 
The additional loading is disconnected as the temperature of the electrochemical 
device rises and reaches a certain pre-chosen upper limit T maximum . The waste heat 
that is formed in the additional load itself can also be used for heating the cell 
battery by, for example, attaching the additional load concerned near or, for 
10 example, even to the cell battery of the fuel cell. It is recommended to measure the 
temperature from the coldest spot of the set of plates in the fuel cell, for example, 
from the edge of the set of plates and favourably from the end plate of the cell 
battery. The temperature can also be measured from inside the cell battery. 

15 The preset lower limit of the temperature Tn^^^ is chosen depending on the kind 
of electrochemical device that produces electricity that is concerned and on the sort 
of electrode structure and electrolyte that are used in each case. In all of the cases, 
the chosen Tjni^^ is higher than the freezing temperature or the solidification 
temperature of the electrolyte concerned, because freezing or solidification of the 

20 electrolyte causes mechanical strains which can be harmful for the fuel cell, and the 
fuel cell does not start at* all when the electrolyte is solid. However, in different 
types of fuel cells, the normal ranges of operating temperature differ greatly. An 
electrolyte which contains water is used, for example, in solid-polymer fuel cells 
(SPFC) and in alkaline fuel cells, in which the range of operating temperature is 

25 usually 50.. ,80 °C. Other fuel cell types are solid-oxide type fuel cells (SOFC), 
whose operating temperature is of an order of 1000 °C, molten-carbonate type fuel 
cells (MCFC), whose operating temperature is 500... 600 °C, and phosphoric-acid 
type fuel cells (PAFC), whose operating temperature is between 180... 300 °C. The 
operation of the fuel cells deteriorates ever more as the temperature goes down 

30 further from the normal operating temperature, and correspondingly it takes longer 
to reach the normal operation. Thus, according to the invention, it is possible to 
choose the nunimum temperature T^^^ in each case at least so high that the fuel 
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cell still operates at the temperature concerned and it is possible to use the mode of 
heating in accordance with the invention. 

The maximum of the upper limit of temperature T maximum is, naturally, set by the 
5 highest permitted operating temperature of the fuel cell type concerned. However, 
it is advisable to choose the maximum temperature so that it is as close to the 
minimum temperature as possible in order to rninimize the consumption of electric- 
ity, A suitable difference in temperature between the upper and lower limits can thus 
be, for example, 1...20 °C, but it can also be remarkably higher especially in the 
10 case of fuel cells that operate at higher temperatures. 

It is possible to carry out the connecting and the disconnecting of the additional load 
in any prior-art way. So it is possible to use a suitable current circuit which consists 
of one or more temperature detectors and an electric connector member for the 
15 purpose. 

In its simplest form the additional load can consist of an ohmic resistance, which is 
connected in parallel with the fuel cell as its temperature falls under the minimum 
temperature and which is disconnected after the temperature has risen to the set 
20 upper temperature value. The resistance value of the resistor is then chosen so that 
the current flowing through it is not higher than the highest permitted value of the 
current flowing through the fuel cell. 

In accordance with one embodiment of the invention, it is possible to choose the 
25 resistance value of the additional load so that it is very low, i.e. the resistance causes 
a remarkably high load on the fuel cell and thus causes a rapid rise of the tempera- 
ture. In accordance with the invention, the additional loading can be so high that it 
causes a current comparable to short circuit of the fuel cell or close to it. In such a 
case a current circuit is favourably added to the additional load, which circuit cuts 
30 the current at a certain frequency and adjusts the width of the pulse by adjusting the 
effective value of the current to the desired level. By means of pulse-width modula- 
tion, it is also possible to adjust the resistance which constitutes an additional load 
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as an invariable-current load by changing the pulse width. Then the pulse width is 
proportional to the effective current. 

The invention will be described in detail with reference to some preferred embodi- 
ments of the invention illustrated in the figures in the accompanying drawing, the 
invention being, however, not supposed to be confined to said embodiments alone. 

Figure 1 shows schematically the wiring used in the method in accordance with the 
invention. 

Figure 2 shows graphically the supply of the current as a function of time used in 
the method in accordance with the invention. 

Figure 3 shows graphically a mode of current supply as a function of time used in 
a second preferred embodiment of the method in accordance with the invention. 

In Fig. 1 the electrochemical device is denoted generally with the reference numeral 
10. In this embodiment, the electrochemical device is a fuel cell, whose plus pole is 
denoted with the reference numeral 11 and the minus pole with the reference 
numeral 12. The individual cells in the fuel cell are denoted with the reference 
numeral 13 and the end plate with the reference numeral 13a. The temperature 
measurement detector 14 is attached to the end plate 13a. The temperature indicator 
is denoted with the reference numeral 15. The loading of the electrochemical device 
10 is denoted with the reference numeral 16. 

As the temperature indicator 15 shows that the temperature has fallen below the pre- 
chosen lower limit at the point of time Iq, the connector K connects the additional 
load, which is the resistor 17 in this embodiment, to the current circuit, and then the 
total current is I total = lading + ^adjustment- 

The temperature of the fuel cell 10 rises in accordance with Fig. 2 and, as the 
temperature reaches the pre-chosen upper limit Tj^^^ at the point of time t lf the 
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connector is disconnected. 

In a preferred embodiment of the method in accordance with the invention, it is 
possible to replace the resistor 17 by invariable-current loading which is controlled 
5 by the temperature measurement circuit. The pre-chosen invariable-current loading 
is chosen so that, with a certain supposed minimum environment temperature 
T mmimum environment' for example -10 °C, the temperature of the set of plates in the 
fuel cell 10 never falls below a certain minimum level, for example +4 °C. This is 
a more accurate method and an easier solution than the simple resistance loading 
10 system described above, which is illustrated in Fig. 2. It is possible to adjust the 
invariable-current loading also as a function of the temperature of the environment, 
which must, however, not be measured too close to the heating resistor or the fuel 
cell. 

15 In a second preferred embodiment of the method in accordance with the invention, 
it is possible to adjust the invariable-current loading as a function of the change in 
temperature AT in the fuel cell. The change in temperature AT is produced by 
loading. This means that, as the temperature reaches the minimum level T^^^, 
for example +4 °C, the invariable-current loading is switched on, for example, to 

20 the fuel cell with a certain niinimum value. After that, the current I is increased at 
certain time intervals At, if the temperature T of the fuel cell has not increased 
enough or the temperature T has not increased at all, with a certain invariable 
amount dl until the upper limit T maxiniuIIl , for example +7 °C, has been reached or 
the speed of the change in temperature T is high enough, as is shown in Fig. 3. 

25 

Above, only some preferred embodiments of the invention have been described, and 
it is obvious to a person skilled in the art that it is possible to make numerous 
modifications to said embodiments within the scope of the inventive idea presented 
in the accompanying claims. 



30 
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Claims 

1 . A method for prevention of cooling of electrochemical devices (10) that produce 
electricity, characterized in that the temperature of the electrochemical device (10) 

5 is measured and, as the temperature falls below a certain preset lower limit 
^minimum)' an additional load (17), which is at least high enough so that the current 
that it produces heats the electrochemical device (10), is connected to the device, and 
that said additional load (17) is disconnected from the electrochemical device (10) as 
the temperature has reached a certain pre-chosen upper limit (T maximum ). 

10 

2. A method as claimed in claim 1, characterized in that the electrochemical device 
(10) is heated by means of additional heat, which is produced by means of a current 
which flows through the inner resistance in the electrochemical device and which 
current is caused by an additional load (17) which is connected to the electrochemi- 

15 cal device (10). 

3. A method as claimed in claim 1 or 2, characterized in that also the waste heat 
which is produced by the electric current flowing through the additional load (17) is 
used for heating of the electrochemical device (10). 

20 

4. A method as claimed in any of the preceding claims, characterized in mat said 
lower limit (T^,^^) of the temperature is higher than the freezing temperature or 
the solidification temperature of the electrolyte in the electrochemical device (10). 

25 5. A method as claimed in any of the preceding claims, characterized in that said 
upper limit (T maximuin ) of the temperature is 1...100 °C, preferably 1... 20 °C 
higher than said lower limit (Tjn^^) of the temperature. 

6. A method as claimed in any of the preceding claims, characterized in that said 
30 additional load (17) is a resistor, a semi-conductor connector transistor, or a 
combination of same. 
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7. A method as claimed in claim 6, characterized in that the electric resistance of 
the said additional load (17) is low compared to the inner resistance of the electro- 
chemical device (10). 

8. A method as claimed in claim 6 or 7, characterized in that the electric current 
which flows through said additional load (17) is cut at a certain frequency, and the 
width of the pulse is adjusted so that the effective current flowing through the 
additional load (17) is lowered to the desired level. 

9. A method as claimed in claim 1, characterized in that an invariable-current load 
is used as an additional load (17), which invariable-current load is controlled by the 
temperature (T) measurement circuit. 

10. A method as claimed in claim 9, characterized in that said invariable-current 
loading is chosen to be such that, with a certain supposed minimum environment 
temperature (T minimum environmcnt ) the temperature of the electrochemical device 
(10) never falls below a certain pre-chosen minimum level. 

11. A method as claimed in any of the claims 1...3, characterized in that an 
invariable-current load is used as said additional load (17), which invariable-current 
load is adjusted as a function of the outer temperature (T outer ). 

12. A method as claimed in any of the claims L..3, characterized in that an 
invariable-current load is used as said additional load (17), which invariable-current 
load is adjusted as a function of the change in temperature (AT) of the fuel cell or 
of the environment. 

13. A method as claimed in claim 12, characterized in that if the temperature (T) 
of the electrochemical device (10) has not risen enough or has not risen at all, the 
current of the invariable-current loading is increased at certain time intervals with a 
certain invariable amount (dl) until the pre-chosen upper limit (T maxinium ) has been 
reached or the speed of the change in temperature (T) is high enough. 
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14. An equipment for prevention of cooling of electrochemical devices (10) that 
produce electricity, characterized in that the equipment includes a control member 
(14,15,10, which measures the temperature and carries out the switching-on at a 
certain low temperature and the switching-off at a certain high temperature, and a 

5 member (17) which loads the electrochemical device (10), which loading member is, 
by the effect of said control member, switched on at a certain low temperature and 
causes generation of an electric current which flows through the electrochemical 
device (10) and heats it, and which loading member is, by the effect of said control 
member, disconnected at said high temperature to switch off the electric current 
10 which heats the electrochemical device (10). 

15. An equipment as claimed in claim 14, characterized in that said loading 
member (17) is an electric resistor, a semiconductor connector, or a combination of 
same. 

15 

16. An equipment as claimed in claim 14 or 15, characterized in that said loading 
member (17) is attached to the end plate (13a) of the electrochemical device (10). 

17. An equipment as claimed in claim 14 or 15, characterized in that said loading 
20 member (17) is attached inside the electrochemical device (10) to an electrically 

conductive plate that interconnects the cells, said attachment being electrically 
insulating. 

18. An equipment as claimed in any of the claims 14. ..17, characterized in that said 
25 electrochemical device (10) is a fuel cell. 
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